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Model 88-(rr~, a 3.02-scale r ep l i ca  of the  integrated space s h u t t l e  

vehic le ,  was tes ted  i n  the ~ Unitary Plan Wind Tunnel. 

conducted i n  the  11 x l l - foo t  t ransonic  tes t  sec t ion  between October 7.  

The tes t  was 

and November 4, 1977 i n  a t o t a l  of 285 occupancy hours. 

program t es t  designation was IAllg and the  f a c i l i t y  t es t  number was 

The s h u t t l e  

275-11. 

Cold a i r  flow through the main propulsion system (MPS) and so l id  

rocke t  booster (SRB) nozzles was used t o  simulate the rocket plumes. 

a i r  was supplied through two independent systems, routed through t h e  

blade s t r u t  which supported the  m o d e l  a t  the ex terna l  tank (ET) lower 

center l ine .  

o rb i t e r .  

Tne 

An interconnecting s t r u t  car r ied  the air from the ET t o  t h e  

Tes t  var iables  included Mach number (0.6 I M r 1.4), angle-of-attack 

( - 8 O r  cus 40) , s i d e s l i p  angle ( - 6 O r  p r 6O), MPS and SRB nozzle pressure 

r a t i o s  and gimbal angles, and elevon def lect ions.  

Data gathered i n  t he  test Included noise  leve ls  and steady-state 

pressure d i s t r ibu t ions  on the  a f t  portions of the o r b i t e r ,  ET and left 

hand SRB, aspiration-induced cooling rates a t  three points  on the base 

of the ET, left wing bending and to r s ion  moments and l e f t  wing inboard 

and outboard elevon hinge moments. 

11 



NOMENCLATURE 
General 

PLOT 
SYMBOL MNEMONIC DEFINITION 

RN/L RN/L unit Reynolds number; per m, per ft 

a ALPHA angle of attack, degrees 

B BETA angle of sideslip, degrees 

JI PSI nozzle gimbal angle (yaw), degrees 

- 
C 

% 
$I,H.L. 

CN 

C A 

CY 

Reference & C.G. Definitions 

aerodynamic chord; m, ft 

MRP moment reference point 

XMRP moment reference point on X axis 

YMRP moment reference point on Y axis 

ZMRP moment reference point on 2 axis 

component center line 

component hinge line 

Body-Axis System 

CN normal-force coefficient; normal force 
qs 

axial force 
qs 

CA axial-force coefficient; 

side force CY side-force coefficient; 
qs 

12 



NOMENCLATURE (Continued) 

PLOT 
SYMBOL 

cm 

cll 

MNEMONIC DEFINITION 
base force 

qs 
CAB base-force coefficient; 

'Ab(Pb - Pa)/qs 
forebody axial force coefficient, CA - C 

Ab CAF 

itching moment CLM pitching-moment coefficient; p 
% E F  

yawing moment 
qSb 

CYN yawing-moment coefficient; 

rolling moment CBL rolling-moment coefficient; 
qSb 

Stability-Axis System 

lift lift coefficient; - 
qs 

CL 

drag coefficient; 9 CD 

CDB base-drag coefficient; 

9 
base drag 

qs 

CDF forebody drag coefficient; CD - C h  

side-force coefficient; side force 
qs 

CY 

CLM pitching-moment coefficient; itching moment 
QSQREF 

awing moment 

rolling moment 
qSb CLN yawing-moment coefficient; Y 

CSL rolling-moment coefficient; 

L /D lift-to-drag ratio; CL/CD 

qSb 

L/DF lift to forebody drag ratio; CL/CDf 

13 



PLOT 
SYMBOL MNEMONIC 

*B(Element) 

Ai 

B.L. 

BMW 

bW BREF 

CBF 

CBW cBW 

CE 

c~~ 
CHEI 

CHEO CHE~ 
‘HET CHET 

CNW CNW 

CONFIG 

CPBORB 

CPBET 
cpborb 

‘Pbe t 
CPBSL 

C CPBSR 
Pbsr 

NOMENCLATURE (Continued) 

Additions to Standard List 

DEFINITION 

base area for element: ORB,ET,SRBL,SRBR; in2. 

base area for tap i, in 2 . 
butt line, in. 

wing-root bending moment (about wing reference 
center), in-lb. 

wing-root bending moment at inboard gauge, in-lb. 

wing-root bending moment at, outboard gauge, 
in- lb . 
span of wing, in. 

body flap chord length, in. 

wing-root bending-moment coefficient 

MAC of total elevon panel, in. 

elevon chord length, in. 

hinge-moment coefficient for inboard elevon 

hinge-moment coefficient for outboard elevon 

total elevon hinge-moment coefficient 

wing normal-force coefficient 

= 1.0 for Oo model roll angle 
2.0 for 90° model roll angle 

ORB base pressure coefficient 

ET base pressure coefficient 

left SRB base pressure coefficient 

right SRB base pressure coefficient 

14 



NOMENCLATURE (Continued) 

Additions to Standard List 

PLOT 
SYMBOL 

cPi 

cPRj 

CPRMG1 

cTW 

cW 

EPRj 

ET 

F. S. 

Gi 

GIMBAL 

mEI 

mEO 

I P R j  

AM2 
K 

K 
*WT 

MNEMONIC 

CP 

CPRJ 

RMSDL 

CTW 

EPRJ 

ETA 

GI 

GIMBAL 

PRJ 

LREF 

DEFINITION 

pressure coefficient for model surface tap i, 
i = 162-2240 

chamber pressure ratio for nozzle j 

Kulite unsteady pressure transducer RMS pressure 
coefficient, 1 = 1 to 29 

wing-root twisting-moment coefficient 

MAC of wing, in. 

exit base pressure ratio for nozzle j 

external tank 

spanwise location on wing, fraction of semi-span 
(2Y / BW) 

full scale 

Kulite gain for transducer i 

gimbal deflection schedule, d , (Se Table IV) 

hinge moment of inboard elevon, in-lb. 

hinge moment of outboard elevon, in-lb. 

nozzle exit internal pressure ratio for nozzle j ,  
j = 96-100 

left hand wing panel roll deflection rate due to 
inboard bending moment, deg/in-lb. 

left hand wing panel roll deflection rate due to 
outboard bending moment, deg/in-lb. 

left hand wing panel deflection rate in pitch 
plane due to torsion moment, deg/in-lb. 

reference body length, in. 

15 



NOMENCLATURE (Continued) 

Additions to Standard List 

PLOT 
SYMBOL 

L.E. 

M 

M P S  

M.S. 

OTS- 1 

PCMPS 

P C ~ ~ ~  

peB j 

pei 

Pi 

PRj 

PT 

POD 

4 

Qk 

Ri 

sE 

sW 

SRB 

SRBPR 

MNEMONIC DEFINITION 

leading edge 

MACH freestream Mach number 

MPS main propulsion system 

model scale 

basic configuration launch vehicle 

chamber pressure (absolute) for nozzle j, psia 

MPS supply total pressure, psia (as set) 

SRB supply total pressure, psia (as set) 

exit base pressure (absolute) for nozzle j, 
psia 

exit pressure (absolute) for nozzle i, psia 

pressure (absolute) at model surface tap i, psia 

PRJ nozzle exit pressure ratio for nozzle j 

PT freestream total pressure, psia 

P freestream static pressure, psia 

Q freestream dynamic pressure, p.s.f. 

QK heat transfer flux measured by Gardon gauge, 
btu/ft2sec. k = 1, 2,  3 

radius of nozzle i., in. 

2 SREF reference elevon area, ft . 
SREF reference wing area, ft2, 

solid rocket booster 

SRBPR SRB nozzle pressure ratio, PcsRR/P,, as set 

16 



NOMENCLATURE (Continued) 

Additions to Standard List 

PLOT 
SYMBOL 

SSME 

S SMEPR 

T 

T.E. 

TK 

Rtr 

T’WG 

Tstrut 

TT 

MNEMONIC 

SSME 

SSMEPR 

T 

TT 

TTMPS 

TTSRB 

xo/csr 

m/cw 
(X/C>,,Xv/c, m/cv 

CPW 
XCPW X 

X/D 

XEL 

X/L 

XILS 

DEFINITION 

space shuttle main engine 

SSME nozzle pressure ratio, P css&, as set 

freestream static temperature, OR 

trailing edge 

Gardon gauge temperature, OF; K = 1, 2, 3 

wing-root twisting moment (about wing reference 
center), in-lb. 

wing-root twisting moment at gauge, in-lb. 

temperature at strut-terminal strip where 
calorimeter thermocouple lead ends, OF 

freestream total temperature, OR 

MPS supply total temperature, OR 

SRB supply total temperature, OR 

water line 

longitudinal location, fraction of body flap 
length 

longitudinal location, fraction of chord length 

longitudinal location, fraction of vertical tail 

wing center-of-pressure, longitudinal location, 
in. 

longitudinal location, fraction of diameter 

longitudinal elevon distance, in. 

longitudinal location, fraction of body length 

longitudinal location, fraction of SRB length 

17 



NOMENCLATURE (Continued) 

I 

PLOT 
SYMBOL 

X/LT 

xTMWG 

YBM WO 

ZS 

ZT 

UN j 

Additions to Standard List 

MNEMONIC DEFINITION 

longitudinal location, fraction of ET length 

orbiter nose station, in. 

XO orbiter longitudinal location, in. 

SRB longitudinal distance, in. 

longitudinal ET distance, in. 

longitudinal (station) location of wing 
reference center, in. 

longitudinal location of wing-root twisting 
gauge, in. 

lateral location of inboard wing-root bending 
gauge, in. 

lateral location of outboard wing-root bending 
gauge, in. 

YCPW wing center of pressure, lateral location, in. 

YO orbiter lateral location, in. 

SRB lateral distance, in. 

lateral ET distance, in. 

lateral (buttplane) location of wing reference 
center, in. 

zo orbiter vertical location, in. 

SRB vertical distance, in. 

vertical ET distance, in. 

pitch-angle of nozzle j axis in a plane 
parallel to the orbiter plane-of-symmetry, deg. 

18 



NOMENCLATURE (Continued) 

Additions t o  Standard L i s t  

PLOT 
SYMBOL 

6 
E g I  

&I 6E 

6 
E&O 

6 

6 

6 

ErI 

E r O  

6WP 

&w, 

A cBw 

A c H E ~  

L C H E ~  

A cNw 

*CTw 

AEIII 

%O 

E 

4 

MNEMONIC 

ELV-LI 

E L I  

ELV-LO 

EL0 

E R I  

ERO 

D I  

DO 

PHI 

DEFINITION 

l e f t  inboard elevon s e t t i n g ,  corrected f o r  
load def lec t ion ,  deg. 

left  inboard elevon s t a t i c  s e t t i ng ,  deg. 

l e f t  outboard elevon s e t t i n g ,  corrected f o r  
load de f l ec t ion ,  deg. 

l e f t  outboard elevon s t a t i c  s e t t i n g ,  deg. 

r i g h t  inboard elevon static se t t i ng ,  deg. 

r i g h t  outboard elevon s t a t i c  s e t t i n g ,  deg. 

left  wing panel def lec t ion  i n  p i t ch  due t o  
load, deg. 

left  wing panel def lec t ion  i n  r o l l  due t o  
load, deg. 

incremental (power on-power o f f )  wing-root 
bending moment coe f f i c i en t  

incremental (power on-power o f f )  hinge-moment 
coef f ic ien t  f o r  inboard elevon 

incremental (power on-power o f f )  hinge-moment 
coef f ic ien t  f o r  outboard elevon 

incremental (power on-power o f f )  wing normal- 
force coe f f i c i en t  

incremental (power on-power o f f )  wing-root 
twisting moment coe f f i c i en t  

l e f t  inboard elevon def lec t ion  due t o  load, deg. 

l e f t  outboard elevon def lec t ion  due t o  load, 
deg . 
expansion nozzle r a t i o  

model r o l l  angle o r  r a d i a l  locat ion measured clock- 
wise from bottom cen te r l ine  (looking forward),deg. 

19 



PLOT 
SYMBOL 

t JW 

NOMENCLATURE (Concluded) 

Additions t o  Standard L i s t  

MNEMONIC DEFINITION 

PHIW def l ec t ion  of l e f t  hand wing panel i n  r o l l  due 
t o  bending moment, deg. (pos i t i ve  t i p  upward) 

OW THETAW def l ec t ion  of l e f t  hand wing panel due t o  
to r s ion  moment, deg. (pos i t i ve  LE up) 

SUBSCRIPTS 

B 

C 

e 

E 

G 

i 

I 

base, body, bending 

chamber 

e x i t  

elevon 

sur face  pressure t ap  number 

inboard 

nozzle number j = 1, MPS nozzle 
j = 2 ,  L.H. MPS nozzle 
j = 3, R.H. MPS nozzle 
j = 4, L.H. SRB nozzle 
j = 5 ,  R.H. SRB nozzle 

l e f t  

nozzle, nose ( o r b i t e r )  

outboard, o r b i t e r  

r i g h t  

s o l i d  rocket booster 

ex te rna l  tank, t o t a l ,  twis t ing 

wing 

s t a t i c  freestream 

20 



The No. 2 MPS nozzle (lower l e f t  hand) was blown out of  i t s  socket 

p r i o r  t o  the  first data run due t o  improperly seated re t a in ing  screws. 

Although t h e  nozzle itself was undamaged, the  tubes from nozzle e x i t  plane 

t aps  95 and 97 a t  q) = 60' and 300°, respec t ive ly .  were l o s t .  

SRB base pressure t aps  2291 - 2224 were c u t  f r o m  the m o d e l  p r i o r  t o  

run 467 t o  allow the G 5  and G6 gimbal settings t o  be a t ta ined .  

A check of t h e  calorimeter operating temperatures, made i n  the  NAAL 

instrument lab after the test, revealed t h a t  t h e  temperatures set  d u r i n g  

tunnel  runs 576 and higher were 408, b0 and &O0F f o r  calor imeters  

Number 1, 2 and 3 ,  respectively.  The calorimeters were unheated d u r i n g  

the  pr ior  runs. 

The s e n s i t i v i t y  of the 

( m i l l i v o l t s  / m / f t 2 s e c  was 

units were installed i n  the 

hea t  onto them from a known 

calorimeters t o  heat transfer rates 

ca l ibra ted  by the manufacturer before t h e  

model. 

black body. 

The units were calibrated by rad ia t ing  

Since they were used i n  the t e s t  

t o  measure heat f lux  from themselves, the manufacturer speculated t h a t  the 

ca l ib ra t ions  could be o f f  by 20$ under those conditions.  

K u l i t e  high-frequency transducer numbers 15, 19 ,  25, 26 and 29 were 

not i n  proper  working-order during the  test. The RMS da ta  obtained there- 

from are consequently unusable. 

21 



COrJFIGURA!CIONS INVESTIGATED 

The model tested was a 0.329-scale representa t ion  of tne  drawing 

VL72-999392 (Modified) mated space s h u t t l e  vehic le .  

t he  capab i l i t y  of simulating the  j e t  plumes generated from the  SRB and MPS 

The 88-CQS nodel had 

systems by d i r ec t ing  unheated high-pressure air through pre-cal ibrated 

flow-through nozzles. 

The o r b i t e r  fuselage w a s  constructed o f  aluminum and Armco s tee l  

t o  CML spec i f ica t ions .  The o r b i t e r  was r ig id ly  at tached t o  the  External  

Tank by fore  and aft a t t a c h  hardware and by the  strut used f o r  supplying 

high-pressure a i r  t o  the  ME% nozzles. 

vehic le  configuration i s  shown i n  Figure 2b. 

A t h r e e  view drawing  of t h e  

The o r b i t e r  was  instrumented with 403 sur face  s t a t i c -p res su re  t a p s  

and 1 4  acoust ic  sensors which were d i s t r i b u t e d  over t h e  f'uselage, 

fuselage base, body f l a p .  MPS nozzles, w i n g  and vertical  tail. 

The three o r b i t e r  flow-through MPS nozzles  were constructed of 

Armco s t e e l  and could be set  a t  var ious gimbal-angle pos i t ions ,  t h e  

l i m i t s  of which were 211 degrees i n  p i t ch  and kg degrees i n  y a w  from 

n u l l  posi t ion.  

t a p .  The lower contoured nozzles each had t h r e e  i n t e r n a l  e x i t  t aps .  

Each nozzle had a chamber to t a l -p re s su re  probe and base 

The o r b i t e r  w i n g ,  i t s  def lec tab le  elevons,  and t h e  ver t ical  t a i l  

were constructed of Armco steel. 

The inboard and outboard elevons on t h e  l e f t  w i n g  were sepa ra t e ly  

strain-gauged f o r  hinge moments. 

The l e f t  w i n g  was strain-gauge instrumented for  normal fo rce  and 
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CONFIGURATIONS INVESTIGATED (Continued) 

root flexion and torsion moments. 

The external tank was constructed of Armco steel and aluminum and was 

rigidly attached to the main blade air-supply strut. The ET had 138 static 

pressure taps, 8 acoustic sensors and three calorimeters. 

The solid rocket boosters are constructed of aluminum and Armco steel. 

The left SRB was instrumented with 85 external static pressure taps and 2 

acoustic sensors while pressures were read at 4 locations on the base of the 

right SRB. 

The flow-through SRB nozzles were constructed of Armco steel and could 

be set at various gimbal positions, the limits of which were 28 degrees in 

yaw. 

an exit static-pressure tap. 

Each nozzle was instrumented with a chamber total-pressure probe and 

The orbiter configurations were denoted as follows: 

= B62 c12 E52 F1O M16 R5 N104 N89 v28 w127 

Where the individual orbiter components were defined as: 

Component Definition 

B62 fuselage 

c12 canopy 

E52 elevon 

F10 body flap 

M16 OMS/RCS pods 

R5 rudderlspeedbrake 
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CONF'IGURATIOHS INVESTIGATED (Continued ) 

Component 

N194 

N89 

V28 

ww 

Definition 

MPS nozzles contoured 

CMS nozzles 

vertical tail with SILTS pod simulated 

wing 

The external tank configurations were denoted as follows: 

ComDonent 

T28 

Definition 

aft attach crossbeam 

external tank 

AT28 attach structure 

AT3 1 attach structure 

AT32 attach structure 

m22 ET protuberances 

E!l' protuberances 

PT24 ET protuberances 

pT25 Ei' protuberances 

pT23 

*26 ET protuberances 

PT27 ET protuberances 

FL19 feed line 

F L l l  feed line 

The SRB nomenclature is as follows: 

2 4. 



Components 

s22 

*88 

P S l l  

PSI2 

Psi3 

ps14 

ps17 

psi8 

ps20 

CONFIGURATIONS INveSTIGATED (Concluded ) 

solid rocket boosters 

SRB nozzles 

SRB protuberances 

SRB protuberances 

SRB protuberances 

SRB protuberances 

SRB protuberances 

SRB protuberances 

SRB protuberances 

Detai led  model component dimensional data are given i n  Table 111. 
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TEST FACIUTY DFSCRIP!CION 

The NASA Ames 11-Foot h g n s o n i c  Wind Tunnel is t he  t ransonic  leg of 

the Ames Unitary f a c i l i t y .  

continuous flow, variable-density tunnel. 

sect ion i s  s l o t t e d  t o  pennit  t ransonic  testing. 

s idewal l s .  

powered by four  wound-rotor induction motors. 

i s  v a r i e d  88 necessary t o  provide the desired Mach number. 

have a combined output of 180,OOO horsepower f o r  continuous operation o r  

216,000 horsepower for one hour. 

af tercoolere  and a cooling tower. 

provide dry air f o r  tunnel pressurizat ion.  

It l e  a closed c i r c u i t ,  single return,  

'Phe 11 x 11 x 22-foot t e s t  

The nozzle has adjustable  

The tunnel  air is  driven by a 3-stage a x i a l  flow compressor 

l e  speed of t he  motors 

The motors 

Rrnnel temperature is control led by 

Four 30,000 cubic-foot s torage tanks 

The tunnel can be operated a t  nominal Mach numbers of .5 t o  1.4, 

Reynold's number per  foo t  x 

of 150 t o  2,000 and a t o t a l  temperature (%) of 540 t o  610 respect ively.  

of 1.7 t o  9.4, dynamic pressure (PSF) 

This tunnel is  used f o r  force  and moment, pressure.  i n t e r n a l  a i r  

f low-inlet ,  and aJmamic s t a b i l i t y  tests. 
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DATA REDUCTION 

The data reduction procedures for Test IAllg involve calculation of: 

Operating nozzle chamber-total, exit-static pressures and pressure ratios 

for the SFtB and MPS nozzles, elevon (inboard and outboard) panel hinge 

moments and hinge moment coefficients. Wing normal-force coefficient, 

wing-root bending moment coefficient, wing-root twisting moment 

coefficient, wing center-of-pressure, angular deflection, and pressure 

coefficients for the 630 static taps on the orbiter, external tank, and 

solid rocket booster. 

Equations used f o r  reduction of data were as follows: 

a. 

b. 

Wing Normal-Force Coefficient 

or: 

d. Elevon Hinge Moments 
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DATA REDUCTION (Continued) 

d . Elevon Hinge Moments (Continued) 

mE@ = +(%EO 

e .  Nozzle Exit Ease Pressure Ratios 

CPRj = - pc3 ( j  = 1 to 5 )  pa 

f. Nozzle Exit Internal Pressure Ratios 

g. Element Average Base Pressures 

where: 

values are given below3 & 
ABE 1 emen t 
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DATA REDUC!l!IOH (Continued) 

Element Nondimensional Base Areas 

ORBITER BASE ET BASE 

TAP NO. Ai/Aq,m TAP NO. A i / A m  

328 
332 
333 
323 
324 
302 
304 
305 
306 
307 
312 
3 13 
3 15 
316 
318 
325 
326 
327 
329 
330 
331 
334-346 

Sm BASE 

TAP Hoe 

2201-2205 
2221 
2208 
2222 
2211 
2223 
22 14 
2224 

0.08920 1574 0.05 4789 
1563 0,12473 
1571 1 
15 46 0 039946 0.06110 

t 1549 
0.02104 1551 

1553 
1555 
1 5  57 
1530 0.017387 
1531 
1533 
1534 
1577 
1535 
1536 
1537 
1539 
15 41 
1543 
1544 

1517 

1576 

I 

1 

* 15 16 0.006767 

15 18 

0.125 

0.125 

2217-2220 

1520 
1521 

1523 
1524 
1525 
1526 
1527 
1528 
1502 0 . o a 8  

1522 

1503 
1501 
1504 
1575 
1505 
1596 
1507 
1508 
1509 
15 10 
15 11 
15 I2 
15 13 
15 14 

Elements  are8 ORB, ET, SRBL, SKBR 
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DATA REDUCTION (Concluded) 

h. Model Pressure Coefficients:  

- P i  - Poo C P i  - 
9 

i = 31 - 94 
i = 152 - 237 
i = 301 - 346 
i = 401 - 440 
i = 505 - 571 
i = 630 - 923 
i = 1335 - 1431 
i = 1501 - 1577 
i = 1850 - 1853 
i = 2112 - 2179 
i = 2201 - 2224 
i = 2401 - 2440 

o r b i t e r  SSME 
o r b i t e r  
o r b i t e r  bas e 
o r b i t e r  body f l a p  
o r b i t e r  v e r t i c a l  tail R/H side 
o r b i t e r  R/H wing 
ex terna l  tank 
ex te rna l  tank base 
externa l  tank IH2 feedl ine  
SM bas ic  
SXE base 
SRB aft 

Reference Dimensions and Constants 

Symbol Full Scale Model Scale 

597.6 ft.2 0.2399 ft2 

ABORB 301.0 ft.2 9.1204 ft* 

235.9 ft.2 0.9940 ft2 

sw 269.0 f't.2 1.0760 ft,2 

bw 936.68 i n .  18.734 i n .  

1B l290.3 in .  25.806 in .  

xm 1307.0 i n .  26.140 in .  

YWRC 105.0 i n .  2.100 i n .  

SE 
C E  

210.00 ft.2 0.08400 ft.2 
90.7 In. 1.814 i n .  

CW 474.81 i n .  9.496 i n .  
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IDATE : 

N o m  BALANCE UTILIZED: 

CAPACITY: 

N F  

SF 

AF 

PM 

RM 

YM 

ACCURACY: 
COEFFICIENT 
TOLERANCE: 

COMMENTS: !Funnel conditione are based on Pt = 1 Atmosphere. 
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DATA S E T  
4th CHARACTER 

0 

A 

B 

C 

D 

G 

H 

I 

J 

K 

L 

M 

N 

TABLE 11. ( C o n c l u d e d )  

DESCRIPTION O F  I A 1 1 9  COMPONENTS 

FORCE 

NO. 1 

NO. 3 

DESCRIPTION 

DATA 

SSME UPPER 

SSME LOWER - RIGHT 

ORBITER + OMS PODS 

ORBITER BASE 

ORBITER BODY FLAP - TOP 

ORBITER BODY FLAP - BOTTOM 

VERTICAL TAIL - RIGHT HALF S I D E  

EXTERNAL TANK 

EXTERNAL TANK BASE 

LH2 FEEDLINE F L l O  

LEFT SRB 

LEFT SRB NOZZLE 

LEFT SRB BASE 

RIGHT SRB BASE 

WING - TOP RIGHT 

WING - BOTTOM RIGHT 

. .  
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TABLE III. MODEL DIMEUSIOHAL DAW 

MODEL CCMPOIElrr: ATTACH S w  - m28 
0- DESCHIPTIOIl: Rear orbiter t o  ET attach structure (left and r igh t  

hand) 2 members 

MODEL SCALE: 0.020 

DIMEIEGIOX3: 

R 1  XO 
YO 

.. . 

Diameter, In. #1 

#2 

XO 
YO 

z, 
XT 
IT 

HlLLSCAIlE MODELSCALE 

267.50 

1872.0 

125.68 (mi) 
504.5 

- 125.68 (IB) 

11.5 

15.5 

26.34 - 1.93’3 
1.930 
5 350 

- 2.514 
41.16 

2.514 
10.310 

26 . 34 - 1.930 
1.930 
5.350 

37.44 - 2.514 
2.514 
10.093 

0.239 

0.310 
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!UBI& 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL C C M p 0 " T :  

GENEFUL DESCR7pTION: Rear ET t o  SRB attach etructure@i and RH) 

( 3 lnsmbere) 

ATFACE STIWCRIRE - AT31 

MODEL SCAIIE: 0.020 

DRAWING IVUMBER: ~~78-000063, -oooo62~, -000066 

DlMENsIONS: MEMHER 

#1 xle 
=T 

#3 

FULI; SCALE MODEL S W  

2058.00 41.16 - 3.430 
171.50 Rf) 3 430 
457 9 00 9.140 

1511.00 30.22 
53.24 1.064 
57-00 1.140 

2058.00 

449.81 

1511.00 
76 56 
15 073 

2058.00 - 161.72 
343 *00 
1511.0 
53.24 - 57.00 

- 163.85 41.16 - 3.277 
8.996 

30.22 
1.531 
0.315 

41.16 
3.234 
6.860 

30.22 
1.06 

-1.140 
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TABU 111. MODEL DfMENsIONAL DATA (Continued) 

MODEL CCMPONENT: AT!t!4CE - 'LT32 

GEllQERAL DESCRIP'IIION: 

member structure) 

ZbrWard orblter/ET attach structure ( 2 

MODEL SCALE: 0.020 

DIMENSIONS: mmER F U I l t S W  MODEZSCAU 

#I XO 388.15 7 763 

Attach point on orbiter 211 = 614 20 mHL mML 
YO 0.0 0.0 

Attach. point on tank 

y2 

Mameter, In. 

1129.. 9 22 9 598 
46.50 0 930 

562 58 11.252 

388.15 7.763 

XT 
YT 
ZT 
xO 
YO 
z, 

0.0 0.0 
mML mML 

1129.9 22 598 

562.58 11.252 
- 46.50 - 0.930 

XT 
YT 
Z T -  

6.0 0.  K O  

6.0 0.120 
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TABLE 111. MODEL DIMEMSIOIWL DATA (Continued) 

DIMENSIONS: 

Length (IML: Fwd Sta Xo = 238), In. 

Leagth (WLr 1336 Sta Xo = 235), In. 

#ax. Width (At Xo = 1528.3), In. 

W. .Depth (At Xo - 146k), In. 
Fineness B t l o  (CKL Lemgth/bx. Width) 

Arcrr - R2 
W. Crose-Sectional 

FULL ScAIlE 

3290.3 

1293 03 

264.0 

250.00 

4.899 

340.885 

MODEL SCALE 

25.806 

25.866 

5.280 

5.00 

4.899 

0.136 
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!CABLE 111. MODEL DD4EFEIoNAL DATA (Continued) 

MODEL CCMPONENT: mm - C E  

GENERAL DESCRIPTION: Configruation 14OC orbiter canopy, vehicle 

cabin updated t o  MCR 200-R4. Used with fuselage B62. 

MODEL W: 0.020 

DRAWING m: VL~0-000140Cy -OO02O2By -000204 

DI~~ENSIONS: FULL S W  

Length (X, = 434.645-578), In. 143 357 

Max. Width (At  Xo = 5l.3.l27), In. 152.4l.2 

Hax. Depth ( A t  2, = 501 to 499.39), In. 51.61 

MODEL SCAIX 

2.867 

3.048 

1.032 

54 



'PABLE 111. MODEL D31MwSIOW DATA (Continued) 

GEWERAL IESCRIFTION: Elevon for c o n i i w t i o n  l a .  Bingeline at 
X, = 1387, elevon s p l i t  l ine Xo = 312.5, 6.0" gaps, beveled edger, and 
centerbodies. 

MODEL SCALE: 0.020 

DDENSIONS : 

Area, pt2 

FULTA SCAIZ MODEL SCAIZ 

210.0 0.084 

span (equivalent), In. 349.2 6 . 984 

Inb'd equivalent chord, In. 118.0 2 . 360 

Outb'd equivalent chord, In. 55 19 1.104 

Ratio movabi- surface chord/ 
t o t a l  surface chord 

A t  Inb'd equiv. chonZ 0.2096 0.2096 

A t  Outb'd equiv. chord 0.4004 0.4004 

Sweep Back Angles, degrees 

Zeading Edge! 0.0 0.0 

Trailing Edge - 10.056 - 10.056 

Hingeline 0.0 0.0 

Area Moment (Product of area E E ) ,  Fk3 158'7.25 0.0127 

1.814 Mean Aerodynamic Chord, In. 90.7 

Bingeline dihedral (origin at 
2, = 261.3509), aeg. 5 0229 5 .E9  
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TABLE III. MODEL DIMENSIONAL RATA (Continued) 

MODEL C W O N E N T :  PIAP - Flo 

GENERAL DESCRIPTION: Configuration 1bC body f lap.  Hingeline located 

at  Xo = 1532, 2, = 287. 

FrmL ScAIJ3 

87.50 

256 . 00 
19 798 

35 196 
135.00 

4.89 

MODEL SCALE 

1.750 

5.12 

.396 

0.0140 

0.054O 

.00196 
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!l!ABLE III. MCDEL DIKEZSIOXAL UL!L!A (Continued) 

MOIZL CWPOl'IElT: FEQm - ?LlO 

G m  DESCmm: f e e d l i n e  on upper left  hand r i d e  of (P28 

m w  
2071- 5 

- 70.0 
573 934 

2081.8 

- 70.00 
584.059 

18.160 

MODEL w 
41 . 430 

- 1.40 
ll. 479 

41.636 

- 1.40 
ll. 682. 

0 363 
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Leading edge rtt XT 1000.667 2 O . O l 3  

YT 70.00 1.40 

. ZT 150 519 3.010 

'praillng e a e  ett x, 2071.5 4 1  . 430 

*T 70.00 1.400 

ZT 573 934 n. 479 

(O.D.) 18.16 0 363 Line diameter (17. - I.D. ) 
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TABIJZ III. MODEL DlMENSIOR4L (Continued) 

MCDEL CWPOREIPT: FAIKIXI - 
GPXEBAL DFSCR5PPOX: Umblllcal door fairing between aft  ET/orbiter 

attach rtructure. 

hading edge a t +  2052.0 41.040 

Length 193 00 3.860 

Width 15.00 0.300 
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TABLE III. MODEL IXWEHSIQlUL WE4 (Continued) 

MQDEL 8CALE: 0.020 

DRAwIR[) v~70-0084O1, -008410 

DlMEXSIOllS: m L L w  

Length (QIS PM Sta Xo = 1310.5) In. 

Wax. Width ( A t  X, = 15ll), In. 

Wax. Depth ( A t  Xo 15ll)j In. 74.70 

258.50 

136.8 

Finenerr Ratio 2.484 

Area - lR2 58.064 

5 170 

2 -736 

1.494 

2.484 

0.024 
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!UBLE III. MQDEL MMIWSIQHPL DaTA (Conthud) 

0- DGSCglP l lQl f t  Flow-throu& SRB nozzle simulator 4 - 7.0 

prototype. 

xmEz -: 0.020 

MACH BO. 0.6 to  1.4 

Length 0 In. 
Climbs1 Point to Exit  Plane 
Throet to Exit Plane 

Mameter - In. 
&it 
mroat 
Inlet 

Arca - R2 
Bit 
Throat 

Hull Position - Deg. 
Upper Borzle 

Pitch 1 
Yaw 

Lower Borzle 
Pit& 
Taw 

86.8 1.736 
lJ.2 135 2.243 . 

144.290 2.886 
64.53 1.291 

356.738 .1427 
22.712 0.009 

1902.6 . 38.052 
f 250.5 f 5.010 

0 -  
0 

0 
0 
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TABU III. MODEL IXMXSIORAL DATA (Continued) 

MQDEL CQJIPONERL!: CMS IoZ!zIg - 189 
(3- D E ~ O I J :  

8 deg. and down 7 deg. from null porition. 

CMS nozzle in stowed position which is outboard 

Use  with n16. 

MACH BO. 

Length - In.  
G i m b a l  Point to Exit Plane 
!throat t o  Bit Plane 

Meunetxir - In. 
mit 

G i m b a l  Point (Station), In. 
xO 
YO 
20 

H u l l  Position - Deg. 
Pitch 
Yaw 

56.0 1.12 

50.0 1.00 

1518.00 30 . 360 
88.00 1.76 
492.0 9.840 



0- DbscE(IPPON: Flow-through MPS nozzlerr. 

DRA- SS-AOI.261 

MACII BO. .6, .8, .g, .% 

Length - In. 
G i m b a l  Point to Exit P l a n e  
Throat t o  Exit Plane 

Diameter - In .  
EStit 
Throat 

Area - Ft2 
-it 
Throat 

~ i m t a l  Point (Station), In. 
Upper Boeele 

XO 
YO 
z, 

h w e r  Rozt le  
Pitch 
Yew 

63 

90.435 
30 145 

44.607 
4.956 

1445.00 
0.0 

443 .!XI 

1468.17 
2 53.0 
342.64 

16 
0 

10 
0 

. 3.140 
2 3938 

1.808 
0.603 

0 . 0178 
0.0020 

0 

2 8 . 9  
0.0 
8.860 

29 363 

6 853 
2 1.06 

16 
0 

10 
0 

. . .  



MODEL COIIPOBE3'lT: 

(3- DESCRIPPON: 

E3immucAL fArmEL - PSI1 

-el running longitudinally on the 6RB for 

electrical wires 

Xapa 8cALE: 0.020 

DR4wImmMBFa: vc77-ooooo2 

DIMEESIo&5: 

Width, In. 

Radius, In. 

Height, In. 

. LeadAng edge at Ste .  

L.E. rweepback angle, deg. 

5 070 0.114 

4.70 0 . 094 

494.70 9.094 

30.00 30.0 
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TABLE 111. MODEL DplENsIONAL DA'PA ( C o n t i n u e d )  

MODEL CCMPONENT: 

GENERAL DESCRTPTION: Four ring stiffenem located at the af% end of 

t he  rolld rocket booeters. me stiffener l a  a curved I-beam. 

c1- STIFP!EEER - P S E  

MODEL SCALE: 0.020 
- 

DRAWINGNWEJZR: VC77-OOOOO2 

DIMR?SIONS: FULLSCALE MODEZSCfUZ 

Height, In. 2.5 0.5 

ZAngth, In* 2.0 0.04 

Incatlone: XBP 1602.00 32.04 

16&.00 32.88 

1729.00 34.58 

1n1.00 35.42 
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MODEL CCMPOEEZT: 

0- DmBIpPa: 

skirt flares. The stiffener ie I-beam. 

CI- S l l i m  - PS13 

Ring stiffener located at the point where the  

MaDEL SCALE2 0.020 

Ixwma3-: Vc7-7-000002 

DmmsIclws: 
Height, In. 

Length, In. 

hcation centerline 

HJL;tSCAXZ M O D I H ( W  

6.50 0.130 

66 

4.00 0.080 

XB 1833 70 36.674 . 



G m  DZSC-OIV: !Cwo-ring etif'fenere located a t  a f t  end of solid 

rocket boorters. B e  stiffener l e  curved I-beam. 

I)nmsIm: 
Height, In. 

Length, In. 

Location centerline 

3 *oo 0.069 

XB 1511.00 30.22 
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Depth, In. 

Centerline of box located 15' inboerd 
from v e r t i c i l  plane of eymmetry 

60.0 1.20 

17.5 0.35 
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TABLE 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL CCMPO-: 

GENERAL DESCR1pTfON: Tie-down fixture8 mounted on the aft ekirt .  

Total of four mounted 30' on both Bides of vertical plane of symmetry. 

SRB PRCrmBERAlCCE - Psi8 

st&. of L.E. (5) 
S t e .  of TOEo (XB) 

Max. Width, Inc. 

Height, In. 

FUIIL SCALE MODEL SCALE 

1861.2 37.224 

1925.2 38.504 

14.2 0 . 284 
8.3 0.166 
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TABLE 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL CCMP0"T: 

GEZERAL DESCRIPTION: 

MODEL SCALE: 

DRAWING IWMBER: 

DIMENSIONS : FULL SCAIlE MODEL S C A U  
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TABLF: m. MODEL DIMENSIONAL (Continued) 

MODEL CCMPOKD": ET PR- - PT22 
0- DESCFUPTION: Left-hand electrlcal conduit line on T28. 

Mmm w: 0.020 

DIMEI9sI.OHS: 

1084.333 21.687 

- 99.591 - 1.992 
xr 
YT 

z, - 139.620 - 2.792 

Leading edge at: 

Traillng w e  at$ XT 2058.00 41.160 

- 99.591 - 1.992 yT 
ZT - 139.620 - 2.792 

me diameter 2.0 x 6.0 0.04 x 0.12 

Centerline of Une located rRdlalfy at 4 - 35.5' 
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TABZIF: III. MODEL DIMENSIONAL DATA (Continued) 

MODEL CCMPOHENT: El PROTUBEEWCE - PT23 
GENERAL DESCRE!ITON: IXM: recirculation l ine on right hand upper side 

Of T28. 

M c m L  SCALE: 0.020 

DRAwIlJG RUMBEFl: a78-000063, -000962~, Hartin Marietta 82600207000 

DIKENSIQIVS: EpllI,SCALE MODELSCALE 

Leading edge at: xr 1040.667 20.813 

yT 94.169 1.883 

ZT 540.934 iq. 819 

2062.90 41.258 % 
YT 70.000 1.400 

ZT 573 934 Jl 479 

!Crailing edge at: 

Line diameter 4.0 0.080 

Centerline of l ine located radially a t  4 = 35O45' 
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WLE 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL CCMPONE": ET P-CE - PT24 
GENERAL DESCRIPTION: IR2 recirculation line on T28. 

MODEL SCALE: 0.020 

DRAWING -R: ~~78-000063, -000062~, Martin Marietta 82600207000 

DIMENSIONS: FULL SCALlE MODEL SCAL3 

Xeading edge at: xr 1040.667 20.813 

YT - 94.169 - 1.883 
ZT 5a 934 la. 819 

XT 2062.920 41.258 

YT - 7 0 . 0 ~  - 1.400 
zr 573 934 ' 11.479 

Line diameter 4.0 0.0% 

Centerllne of line located radially at $J = 33'45' 

TFSiling edge at: 
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TABU 111. MODEL DIMENSIONAL DELTA (Continued) 

MODEL CW0"T: 

G- DESCRIPTION: 

with IIIe pressure 6ensor l ine and LOX vent valve actuator l ine.  

ET PRCmTBERALSCE - PT25 
Wght hand aft electrical  conduit l ine on T28 

MODEL SCALE: 9.920 

DRAWING IPUM~ER: ~~78-900063, -930362~, Martin Marietta 826002~)7009 

DIMENSIONS : FULL SCALE MODEL SCALE 

1984.333 21.687 Leading edge at: XT 
YT 99.591 1.992 

%? 139.623 2 792 

YT 99.591 1.99 

z, 139.629 2.792 

!Crailing edge at: XT 2058.009 41.169 

Line diameter 2.9 x 6.0 0.34 x 3.12 

Centerline of l i n e  located r a d i a l l y  a t  4 = 35.5' 
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TABLF: III. MODEL DIKE~ISIOI'WJ DATA (Continued) 

M m  CCMP-: 

0- DESCFUP!CION: 

ET PROTUBERANCES - P!& 
LUX pressure line on the T28 

IlRAWI100 NUK5.R: ~~78-990063, -000962~, Martin Marietta 82600207003 

DIMENSIor9s: 

Leading edge at: XT 369 733 7.215 

YT 15 145 0 393 

211 407.718 8.154 

2083.5 41.679 

63.25 1.265 
Trailing edge at: xT 

*T 

ZT 
Line diameter 

Centerline of line located radially at  6 = 27' 

609. CK) 

2.0 

12.18 

9.040 
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TABLE 111. MODEL DIMENSIOXAL DATA (Continued) 

MODEL C W O N E N T :  ET PROTUBERANCE - PT27 
GENEEiAL DESCRIPTION: 

section of TZ8. 

Electrical conduit on the right hand forward 

MODEL SCALE: 0.020 

DRA- NUMEZ: VL78-OOOO62B 

DIMENSIONS: FULLSCALE MODELSCALF: 

Leading edge at: XT 360.733 7.215 

YT 11.549 0.231 

ZT 412.474 8.249 

Trailing edge at:  XT 876 0273 17 525 

YT 226.114 4.522 

ZT 646.n4 12.935 

Line diameter 

Centerline of l ine located rad ia l ly  at 6 = 47.5' 
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TABLE 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL COMPONENT: RUDDER - R5 

GJ3NERA.L RESCRIFTION: Configuration 1bC o r b i t e r  rudder ( i d e n t i c a l  t o  

conflguration 143A/B rudder) 

MODEL SCALE: 0.020 

DRAWING NUMBER: VL70-W0146B9 -0990% 

DII43NSIONS : 
2 Area, Ft 

span (equivalent)  , In. 

Inb'd equivalent  chord, In .  

Outb'd equivalent  chord, In.  

FUIJi SCAIZ MODEL SCllzE 

100. 15 0.0043 

201.00 4.02 

91.585 1.832 

50 833 1.017 

Rat io  movabi, surface chord/ 
t o t a l  sur face  chord 

A t  Inb'd equiv. chord 

A t  Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees . 

Leading Edge 3 4 . 8 3  

Trai l ing  Edge 26.25 

Hingeline 34.83 

Area Moment (Product of area and s) , Ft3 619.92 

Mean Aerodynamic Chord, In .  73.2 

9.400 

0.400 

34.83  

26.25 

34.83 

0.0049 

1.464 
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TABLJ3 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL CCMPONENT: BOOSTER SOIJD ROCKET MOTOR - S22 

GENERkL DESCRIPTION: 

i s  jettisoned and recoverable after burnout. !he BSRd's can be 

refurbished and reused after recovery. 

The BIrM Is an external propulsion system which 

MODEL S C U :  0.020 

DRAWING NUMBER: V C ~ - O O O O O ~ C ,  vc70-009002~, V C ~ ~ - C ) C ) O ~ C ) ~ C  

DIMENSIONS : FULL SCAIlE MODEL SCAIZ 

Length, In. 1789.60 35 792 

Max. Width (Tank ma.,)  In .  146.00 2.92 

Max. Depth ( A f t  shroud dla.), In. 208.20 4.164 

Fineness Ratio 8.596 8.596 

Area - Ft2 236.423 0.094 

WP of BSFM Centerline (+) 400.0 8.0 

FS of BSM nose (%) 743 0 14.860 

BP of BSFN centerline (YT) 250 5 5.919 

78 



TABLE 111. MODEL DIMENSIONAL DATA (Continued) 

MODEL CCMPONENT: 

GENERAL DESCFUPTION: 

EXTEIOSAL TAlE - T28 

MODEL SCALE: 0.020 

DRAWIM; m R :  VL72-000143D, ~ ~ 7 8 - o m 0 6 3  

DIMENSIOEJS: FULL SCALE MODEL SCALY 
(Dimensions are t o  tank s t ruc tura l  CML, WS not included) 

Length, In. 1844.275 36.886 

Max. Width (Dia.), In .  331.00 6.62. 

Fineneee Ratio 5 687 5 e687 

Area.- Ft2 

Max. Cross-Sectional 594 678 0.2379 
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TABLE 111. MODEL D I M E N S I O W  DATA (Continued) 

MODEL CCMPONENT: 

GENERAL DESCRIPTION: 

V28 - VEKPICAL TAIL WIlfI SIVPS POB S I M U L n m  

MODEL SCALE: 

DRAWING lWMBl3R: 

DIMEmsIONS: FlTLL S C A U  MODEL S W  
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TABU3 111. MODEL DIMENSIONAL DATA (Concluded) 
MODEL COMPONENT: WIm - w127 
GENEEW DESWFTION: 
similar t o  1 U / B  wing Wll6, but with refinements. 
midbody fairing ( X O = g b  t o  Xo=l9b)r 

MODEL SCAIIE: DFtAWTNG NO . : ~70-00014Oc, Yo=281 t o  Y0=312.5. 
DIMENSIONS : ~ ~ 7 0 - 0 0 0 2 0 0 ~  FULLSCALE MOIIELSCALE 
TOTAL DATA 
*-eo. 1, ft2 

Planform 

Configuration 1 b C  orb i t e r  w i n g ,  MCR 20C).R4: 
Improved wing-boot- 

elevon s p l i t  l i n e  relocated f'rom 

2690.00 1.076 
span (Theo.), in. 936.68 18.734 
Aspect Ratio 2.265 2.265 
Rate of Taper 1.177 1.177 
Taper Ratio 0.200 0.200 
Dihedral Angle, degrees 3.500 3.500 

Aerodynamic Twist, degrees 3.000 3.000 
Incidence Angle, degrees 0.500 0.500 

Sweep Back Angles, degrees 
Leading Edge 45.000 45.000 
Trai l ing Edge - 10.056 - 19.056 
0.25 Element Line 35 0209 35 299 

chords: 
Root (Theo.) B.P.O.O. 
Tip, (Theo.) B.P. 
MAC 
pus. sta. of .25 MAC 
W.P. of -25 MAC 
B.L. Of 025 MAC 

MPOSED DATA 
Area (mea.), ft2 
span, (meo.), in. B P U ~  
Aspect Ratio 
Taper Ratio 
Chorda 

Root BP108 
!Fip 1.00 b/2 
MAC 

W.P. of .25 MAC 
FUS. sta. of .25 

B.L. of -25 MAC 

MAC 

689.24 13.785 
137 85 
474.81 

2.75i 
9.496 

1136 83 22 9737 
290.58 5.812 
182.13 3 643 

1751.50 9.7996 
720.68 14.414 

2 959 2.059 
0.245 0.245 

562.09 11.242 
137 85 2 -757 
392 83 7 857 

1185.98 23.720 
294.30 5.886 
251.77 5.035 

Root b/2 = 0.113 0.113 
Tip b/2 = 0.120 0.129 

Planform kea ,  fi2 113.18 3.9453 
Leading Edge Intersects  Fus M.L. (3 Sta  500.00 10.90 
Leading Edge Intersects  Wing @ Sta 1024.00 20.480 

Ai r fo i l  Section (Rockwell Mod NASA) XXXX-64 

Data f o r  (1) of (2) Sides 
Leading Edge Cuff 
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TABU IV. NOZZLE GIMBAL SE;TIIIES 

AT!CITUDE CcMMAloD 
GIMBAL G 1  G2 G3 G4 G5 G6 
ANGLES +PITCH -PITCH PITCH/+YAW PI-/-YAW +ROLL -ROLL 

P 1  

P2 

p3 

P4 

p5 

Y1 

Y2 

y3 

Y4 

Y5 

-4.0 

-4.0 

-4.0 

-2.64 

-2.64 

0 

0 

0 

0 

0 

0 

4.0 

4.0 

4.0 

+2.64 

+2.64 

0 

0 

0 

0 

0 

-4.0 

-4.0 

-4.0 

-2.64 

-2.64 

4.0 

4.0 

4.0 

4.05 

4.05 

0 
0 

-4.0 

-4.0 

-4.0 

-2.64 

-2.64 

-4.0 

-4. O 

-4.0 

-4 05 

-4.05 

0 0 

4.0 -4.0 

-4.0 4.9 

5.656 -5.656 

-5.656 5.656 

3.0 -3.0 

0 9 

0 0 

0 0 

0 0 

V i e w  Looking Forward 

t +y G 
+P 
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TABLE V. ORBITER PRESSURE TAP mERS AIVD LOCATJ[ONS (Continued) 
c. SSKENOZZLE 

LOOKING FORWARD 

SSME #1 

s s m  #3 
TOTAL 

40 TAPS 

24 TAPS 

64 TAPS 

BOTE: EXIT DUMETER = 1.809'' 

85 



TABLE V. ORBITER PRES= TAP lwMBERs AND LOCATIOHS (Continued) 
d. BODY 3" 

*ACOUSTIC MElSUIGMEXC LOCAmON - ( 3 )  CBF = 81" F.S. 
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TULE V. ORBITER PRESSURE TAP NUMBERS AIVD LOCATIORS (Continued) 
e. VER!FICALlcAIL 

.15 

CHORD Distance from L.E. - $ 
W.L. LoE T * E  LEIVGTH 

.30 .52 .68 .83 1.0 F 

505 506 597 5 083 

513 514 515 516 517 4 679 

522 523 525 526 4.376 

530 I 1.6791 

640 

680 

720 

755 

790 

TIP 

t-l- 690 1 . 9  

2.027 

2.154 

2.280 

2.391 

2.502 

2.584 

1 1 

540 541 542 

1 I 

543 544 3 569 

549 

558 

550 551 553 3 165 

559 560 561 562 2.812 

566 

I i 

567 568 569 570 571 2.459 

2.199 

7 

*ACOUS!tZC MEASUREMENT LOCATIO14 

ZO ZO 
FoS M o S  YO 

149 29.8 R/H SIDE 560 11.2 

X O  X O  
F.S M.S 

1620 32.4 R/H SIDE 790 15.8 
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I 

RADIAL 
XCATIOJ 
1 - DEI;, 

TABLE VI. EXTERNAL TANK PRESSURE TAP LOCATIONS (Continued) 

b* BASE REGION 

0 

15 

30 

45 

60 

67.5 

90 

112.5 

135 00 

157.5 

109.0 

202.5 

225. 0 

247 5 

270.0 

300.0 

m c  

RAD. -INJ.  

STA. 
KT-MS. 

R1 
3 1312 

41.7827 
1502 

1503 

1501 

1504 

1575 

1505 

1506 

1507 

1508 

1509 

15 10 

1511 

15 12 

15 13 

15 14 

%? 
2.9624 

42.085 

15 16 

15 17 

15 18 

1576 

15 19 

1520 

1521 

1522 

1523 

152 4 

1525 

1526 

1527 

1528 

R3 
2.7804 

r2.3247 

1530 

1531 

1533 

1534 

1577 

1535 

1536 

1537 

1539 

1541 

15 43 

15 44 

- 

R4 
2 . l O l f  

b2.8954 

15 46 

15 49 

155 1 

1553 

1555 

1557 

R5 
1.5496 

43.1712 

1563 

1571 

BASE j 
0 i 

! 
I 

43.4600 ! 

1574 
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TABU VI. MTERNAL TANK PRESSURE TAP ILICATIOIQS (Concluded) 

c.  IH2 m u m  

=lo 

TAP # 

I i 

00 900 1800 2700 RzMAmcs 

1850 1851 1852 1853 

NOTE: * VIEW LC)CKIXG D W  0’ FORWARD 
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a.  LEFT HAND PRESSURE TAP LOCATIONS 

SFB 4 - RADIAL LOCATION - DEGREES 
STA. i I 

F. xs S 0 45 90 105 135 189 200 225 247.5 270 292.51 315 

* 1500 

1650 2112 2115 2117 2119 

1800 2128 2131 2133 2135 
* 1825 

1860 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159 

* 1867 
1882 * 
1890 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 
190 
1925 2170 2171 2172 2173 2174 2175 2176 2177 2178 21'19 

* 
t 

IV(ypE: * A C C Q I S T I C W  

REMARKS 

*Ahead of aft attach i ring --I 

*Ahead of skirt 
attach r ing  

*Nozzle skirt under 
separation motor 
*On nozzle s k i r t  -- 

-- - 
*On af't heat shield 

I 
1 

--- 
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RADIAL 
LOCATION 
4 -  DEX;REES 

0 

30 

45 
60 
go 
K O  

135 
150 
180 

210 

225 
240 

270 

300 
3 15 

330 

TABLE VII. SRB PMSURE INSTRUMENTATION 
(Concluded ) 

b.  BASE AND AFT TAP LOCATIONS 

X 
0.256 

2406 

2407 

2438 

2 w  

2405 

-- 

-- 
2 410 

2 411 
2412 
-- 

2413 

2414 

2415 
-- 

2 416 

D 
9.135 
2 417 
2 418 
-- 

2 419 
2420 

2421 

2 422 

-- 

2423 
2424 

2425 

2426 

2427 

2428 

-- 

-- 

0.015 

2429 

2430 

-- 
2431 

2432 

2433 
-- 

2434 

2435 

2436 

2437 

2439 
-- 

2440 

BOTE: EXIT DI- = 151" F.S - 3.02" M.S. 
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TABLE VIII. ACOUSTIC MEASUREMENT LOCATIONS 

20 

BUI 
Bar 
6.0 
11.2 
6.2 
6.4 
7.6 
9.6 
9.36 
TOP 
9.92 
BCC 
BOT 
9.2 
ZT 
8.0 
11.0 
5.0 
10.8 
11.0 
6.0 
10.0 
8.4 
28 

9.54 
8.50 

xT 
2070 

Z - T F  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

16 
17 
18 
20 
21 
22 
23 

-- 

24 

27 
28 

2070 
2130 
2100 
2100 
2150 
2150 
2 173 

M.S 

XO 

27.4 
29.0 
29.8 
29.8 
30.2 
30.2 
30.2 
30.2 
30.8 
31.0 
31.2 
31.4 
31.4 
31.4 
XT 
41.4 
41.4 
42 .O 
42.0 
42.0 
43.0 
43.0 
43.46 

36.5 
XS 

37.54 

M.S 

Y O  

-5.0 
-4.4 

L/H SIDE 
R/H SIDE 
-2.4 
0 

-1.0 
L/H SIDE 

0 

0 

-2.3 

-2.46 

-1.80 
-2.60 
YT 

-3 30 
-1.24 

-1.10 
0 

0 
0 
0 
0 

y6 

0 
-1.70 

A f t  Ring c$ = 151.5' 
A f t  Dome 4 - 10 
A f t  Dome 4 = 157.5' 
A f t  Dome d =  180' 
A f t  Dome $b= Oo 
Aft Dome d =  1890 
A f t  Dome f 

ead of Nozzle Skirt R i n g ,  !F= 1800 

94 

- 
wing 
Inboard Elevon 
A f t  Fuselage 
Tai l  
A f t  Heat Shield 
A f t  Heat Shield 
A f t  Heat Shield 
A f t  Heat S h i e l d  
A f t  RCS 
Body Flap 
Side o f  CMS Nozzle 
Body Flap 
Body Flap 
Base of A f t  RCS $ -- 
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b. Control Surface Deflection 
Figure 1. Continued. 
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C .  Definition of Nozzle G i m b a l  Angles 
Figure 1. Concluded. 
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h.  Orbiter Base Pre8rure Instrumentation Incations 
Figure 2. Continued. 
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n. External Tank Base Pressure Tap bcat ions  
Figure 2. Continued. 
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0.  External !Bank I& Feedline Instrumentation 
'Pygure 2. Continued. 
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r. External Tank Baae Calorimeter Locations 
Flgure 2. Concluded. 
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APPENDIX 

TABULATED SOURCE DATA 
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